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Real-time Safety Assessment Techniques of Dynamic Systems

HE Xiao' LIU Ze-Yi' HU Song-Qiao' LIU Chang' ZHOU Dong-Hua"?

Abstract Real-time safety assessment (RTSA) of dynamic systems plays a critical role in preventing losses from
potential safety incidents. As the complexity of systems and operational environments increases, the development of
effective RTSA technologies is faced with greater challenges. In this paper, the conceptual definition of RTSA of dy-
namic systems is elucidated. A taxonomy is introduced based on two dimensions: the stationary properties of the
environment and the construction methods of assessment models, along with detailed problem descriptions. Exist-
ing safety assessment technologies and discusses deployment strategies for different practical systems are systematic-
ally reviewed. We then analyze the developmental trends of current technologies and explore the pressing issues and
future directions in RTSA.
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academic concepts: A case study of UAV flight processes
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> TR M IR T PR HERR LT R S
W T —FH T E R AR VP A
B T RHE RN A SR TU R M. Tang 45
PG BRI AT SE AP BN R 22 ] N2 T 1P Al A2,
Liu S5 H % SR SE HOC 200 25 WL Rl & AR #E AT
EIE, 58 T L KA R sz /™. Zhou
St — Bk R T VA B A AT S B SR T, i
I FH — ot R S0 B e 7 VA HE S T A ) UK
PEIIHT, LASE 553 B i N A S8 1 0 AR A R AT S 7Y
AIEEPERI A, 7E JRC-TM 25 gk s s 1) 22 A VRIR
AVFAE EIAS ARG I 2R

RKETTIEAEE BA T B AR 1 117 L T 38
BAHERNMERR, /£ R T FRIFER, 7LIF
R B UBN L o8 BRAR VAl 25 R SRR 8 R 2
A A8 R B BTG I PR A SR SR A E A R A5 S, A
H R G0 AT WU S HER, 2 TR 22 iR
1 EBAS BRI R KRG Bk etk R, &
FRNRBUA By Bt S50 200 S0 SR IAE: ) L AE — o8
TR LA R . N TR A2 AT HA
PEFIR X B2 A0 R I R G, 1% 5 VR0 HE DA &
Fe A AT SO, IX BRI 7 HAE — L H AR TR
QUL N 1A
2.1.2 FRIETETFRASITNIT"EE

BEE RGP ARG I, 22 4 1k vl A R
(1) R A 1 B R R . I LR, B 32 2
IS FH A8 2R e R 1, B R FE T A AN R () i
T RE A 2 A P VAl N ) 7 VA &R

—RI7EE 5] NG IR SR 43 B A B A
R o, FOle 5T s8R kAR 1) 7 A
HAAFAT A @ BT AR, PRAL AR A e
% 2 =) B LSRRI, T 80 VR ) ATl T LE 1)
AR, R LB HER, R (Decision
tree, DT)™ 5, N THEZ M % (Artificial neural
network, ANN)® ZEH AR @ PP 2 MG T
JZEETE. Yu S T FR SRR T R, H
T HBhTmAg bR, DA H 2 A PP Ail 2 R,
SCHR [86] $&H T — Bl T PR R OC R IRRE IR 37
5, HR R G35k 2 S) R AIE TR 1) DR SR &6 44 I
TEFEREAE, MM 2 B8 PR TF SIE R | B v ) B
PRI S 4 () W R . IX K OTVE R EAETI N T FH
IR R G027 VRS I EER b 8 i g fa A
BRI ME R R R, R RN ES
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= Eitd xXx &

ZARMIRE Z A G gnn B A& 3. A8 R
T3 — B RRAR T X T XG5 O, H - [ I
XAz AR AR BT TT R R T S R, X EL
P R R A | R A S S IR,

BEN 21 A Bk, BEAE 2 2 R 4 B &
JEERTE, T o0 BT Rk 22 4 MRS A5 B AN E 4
3T REEK, JFHX - BAAER S, T
s, BRI RN TR BRARNED K E, —L5%
A TN G B S A R s i 1) 7 R ik o =)
RE Y, T T A i 0 v B 5 2 R B A ol A U R
fiE, DA SE B AR 0 22 4 . R 1% 2] (Ensem-
ble learning) HE 421 H W A0AE A R R AL 540 15
177 2S00 DU S PP AR AL K2 A T R T
KH VTR PR L (Extreme learning ma-
chine, ELM)""%, 2 ¢ [ & AL (Support vector
machine, SVM)") S84 3 % 5] 45 Xu SR H &
FSAR PR 27 ST ML, AE LA B vt T s SR, Sar-
madi FHI A=A ZEX B =MD RIE R R R, 1R
TR T AR AR U S I B B S T
S 15 PR S R I A S AR Ak i 719, Dwora-
kowski 2R FH#E K ANNs RAH A ANN Y14
BRI/ BC ) 1) /R, S it 7 —Fh B E SRRt Ty
W, IR RS G R VRR E AT S ANN FAEL
Ab, BT TS E IR A SR A, Liu S84 H 7 —#
BT DU 7 22 ) 245 (1) 22 4 20 R S L D 3R A A
£ IEEE 39-B2k R4 EULHA 1 A M. He 55
BN T2 [T VE B 2R 2 A NIRRT, JF
B0 R R H A BTt IR EEALE, DA P A AR
R B AR S AR,

BE & PR % 2] (Deep learning, DL) fEHE AL
PG HARE 5 b B AN E B R 1) S5 A 1S B R
W, HZ 2R BB SV RHERRE 18 iz A n] s,
D BB IR L 5 ) ) N2 A VEVEA S, A2
NS4 F A B ORI, R & % A xR S
, REMR AL E PR Z R B A A ok 7 200108,

i B R P2 2 S R 3 v 4 FERFAE R e ST AT V2 (1)
WM, Alawad 557 RE R A PUEARDL R
M Euh NS, PSR AN % (Con-
volutional neural network, CNN)! FEAT4H) (A I
1T R5 8T, AP BRI 47 I R (1 2 PR Sun
SR — R TR A ) AR AR SR IUHE SR, IR
£ B 4 ) 2546 4% GoIR 2578 2 50 i A 22 I 4 2 1
T ARG 22 2 1 PEAG e 2 0%, Sarkarl 55 B IR BE
FOIHARKRFIAEE AR E RGO A0, /£K
bR EUREE th IR 1 77 R IR B R AR 2.
JUETRFE 2 2] R B0 HE SRR 1Y) R 7 A P v 4 2 2 B

i, R — T B RN s R R N T
SRELF & 2 RER IR0, DU 80 b B ih Sy
FEMIE 28K &, Azimi 55 R TR 27 S HOR K AL
TR BT % 2 S50 B M I, B e T 2R
AR X 4%, 1T S IAE S BR R 28 48 9 3EAT 404
PR FIE ALY, Ren 2578 RE U R 48 2 2 PEVEAS
FINAERXT PN (Generative adversarial net-
work, GAN)!"FIH A 8% (Generator) f2 LR &
3 S E s A R A 2548 (Discriminator) X
3 A B M S Py SR B 22 Sl AR
IR, T AR R Re % AR B A R A B 1B
PR BRILZ A, R RS IR AT AR A A PR A
I FHAE 22 4 PR PPl AU — R Pk, 3% — 1) Rt 33
KT IRZ S FH W . Warnecke S84 H T %
A RN N PR R I TR AR AR, anAs e M 2K
BB, MR X SR AR PO B R I T VR AE
LAV U A S A 5 1. B BARH, Guo
SRR T — B oy At N T ) v DR R AR
Tk, HAzoo BRI a4 N | b6 B S r) A% 1
A5 ] B 1) AT ARSI SR AT ALAR JEE 2 S TR SR S B2
HRIXH, B R R AR T AR B 1 B B LM,
BEXFSEPRBN A RS 4T IR AT B8 H LR R AN 1B
5¢, Liu 42 7 — i T E g &2 S e 22
A PEVPAL Tk, SR ARG MG R ST Re 0 14 AT A e
AR A7 RPEAR T AR FN A SO0 PR AL L R 1) 17T 52
M3l gk — 2D, STk [114] £ SEBRIE bRy 2o
Al REAFAEAR G SR Pk ik, $R T —Fh E3hbr i 4
B B 22 A VRAT A AT AE BE I 1 37 5t
TERAE T RIS ST 3B R R .

REEIRBERCER T RENFFTRER, R
JEE 5 SR 22 A VR VPAR U R 0T ST T3 98 BoAT — L8200
(1) JR BIR 14 % B2 2 ) A A AE £ 4 1 DFAk v A SR B0
AT BRI B B AR T L R R OIRA,
Hdls ik = 7T B8 -5 SO TV AE AR P 0] BB X X L
FAF. AN, R PSR AN W 1 T RE 51 K A
FUR B AR FEAE ] R 5340, S SR H 5
BEUE AN A7 75 SR A, X 26 Jay B AE B U A B 1) 2 g
B BICHR M, AR — e R b BRI T R Y
FEgIm 1AL

FEFRTHERRZEMITFERA

BT R B R I M RE T, R GURS LR
I 1) A A — R LA G Ol ATk & 58 9 il
FEBLE A0 AR AL T2 4k, MR AL,
HRERTHU A 2 R A M T, I 3 (0 K AT fE
= RO R sER, 15 2 Bor iy g
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1) SI2 B 22 4 1 P A A5 Y 1 1 e 52 B Bk T AT
PPAR A5 A 55 BEELAG M 13 S, DA PR 2R 4t S
W22 e AT R VPG . 2R T ERER D HEN
FNF 2 A B PN FN AL, FF 7R B SRR
ot DR 2R 0 T DAL 2 o g
2.2.1 JEEBHETETEXNSHETEHEE

% B BIFE AR P ARFR B N IR S5 A BB N [A] AN I
Ak, BB REEA S HOT R FE H
AT b 75 R I B 55 [ 2 R AR R 45 P A 0 A P A
i R e ST Y I 9 B I R AR X T
50| FE 1S e %L (Adaptive CBF, aCBF) [ 1H!7,
108 3 0 4 | PR R BRE AT O LT B DA XS R
G RSN FI AR AL, 75 SCHR [118] H, Lopez
SOl NEAR IS ) AR SR T — M B R R
PR BB O S A ) B AG R A, DASEEL RS B iE
N A, EEE HOCBF 5 SO 5] NTE T R AL,
Xiao S5 H T 240 B & B2 1] B 15 R F0R st Ak B
T R A RS iR, DLt — P E R R p w et
A LM FESCHR [120] 1, —FF BarrierNet 242
Ttk — 42 A 45 45 1 B AG oK 0K S 2 Re % B
TE NI EE SR A AR A, FE T DU A S )
BRI IFEA TS R AR IE B RS Ak
I EE AR, B A MBS I S U — R 5
W] TSR Rt — DAL BE A B AT B B B2
BN AR NS EAG T 0 HME B AH RIIE 0. 25 pE B X
AR AN KRG TR T A S BT A X, aCBF
B HLEI Sl NS AER A T AR N R 2, FREE
R P VRN SR BT, [R5 2 A A e S 4
TR ER.

AR, N Rl HE PR HOR AT AR 2k B I 1
(R B AN RE S AL 1 T2 I SRR 8. X Fl
38 N 1 5 A b N RN BRI Y R 1) B
P, T8 g4 5 RN PR B T BAE I R 1 U7 =X
AR B SRR S AT B2 TR AT 2R 4 2 HiT P A 2 4
ARSI AR, DAL R 2R 4822 A PR RES B R0
Ak, TR, Hu 582 17— M5 B oher B
I8 MR 2R 22 A VPAE 77141, Zhao SN T8I
RSB ITERETRBITREAR R, REGRE
(P Fa bRt R BE 2 228, LR G 25 e A [ B B
R MERHE, 1R T — PR T 5 &E R E R EX
PR (PR B S 7 vE0 L ARGk [123]) H, At dR
P BR) T S A 0 A0 A0 A i v U A 6D v e 1) A
. BRI LR sEE BASRZUIER. &R
AR BEE UL R TSR i, — R R BT 5
P BSR4 2t D R 1 W] SRR 4 Ry
AN E EN, Zhao FFFEH T T I K I 22 A HL 2%

Bt E I, N YRR bR 7 i B I A E
IR TV A R A T B A TR e A AR AR
HEVEAGTE I 7 2 R . SR T, 6T 2e A
X IRIIBNAS R G, B E A5 SR AT SV AAH B
R AR TR A, R BT 5 48 AT B A AE AR A
MIAH AR AR ZetE ¢ 2R, 2h A U B HE BRI U 4 7
VE T ReME LA SR RR XS A 1) 2 G 9L

BE & DN BRI R R, —Seit U T ah 22
422 BN AS RS 73 1T D7 1 2 BT HE SR 8 T Ak 2 2))
EOE S M e o A (el T P 2N TTTIN = - VAR B i
AFAE—JE W oy RAEM. ARG A 2 VAL Tk R
5 8O A0 R IR S (HPk B 2R R AR H 8T
THECEE ) R SE B XKL 48 5, 22807 kL 55 B
HE LT R (ATIR) KA FE A Re BB XU 48 5 (1)
flivh. H BTGk Hod 5 AR R g ficss,
45 A SRR AL, TIANBE AR 7> B HAR RS
AL

FESEEEA b, — R0kl @ 5] AR 1
(Condition monitoring, CM) ##akxf ik vt
FEREATOOAL!, CABEAR (A 5k B AR R AR (LI 72
FR A R TR, 2 A o U S R B AR e
VR T 2h & R R H LR AIRAS, T AE15 PPk 45
RE ML 5. ALY, Zadakbar 550
Kalman JEi% &5 R T iRk F o Ja il iR AR
AHAT R T O 7 RO SR AR S R AE,
Yu S5 TR I EHE T A 7 —Fh T B A 2
S CMBRA 779, 1 Wang 45 i3 1 %5 72
R 2 AN AR R R A T A R AR AE RIS, JF
i HBEE RS ST AT BB, Zeng H1 Zio
W ATIECA 8 PR B U s 5 7E R R Ris 17 1)
() A U 5 R Gt s, R R (AR B R
TR AS B DU ) ] AR R G 8 BN R G Sk
IFRFAE, BERRAE X ASP Eds i 25ckh 7a 2.

Bt o W P T 5 {@ R EE (Prognostics and
health management, PHM) 437E i1 £ 4F 1132 )
R — R 5 K PHM HH )RR 7347 (Re-
maining useful life, RUL) Tl A& o S 5011 (Re-
liability analysis) A% 0 AR RN T-3h & % 2 ME0F
iR, ] B A 22 G0 i T8 17 A 22 A g gk
TG T, B EEAT FANME. Zhao S5 H] 4L
I 8] 5 7R AT R IR IR A I A, FFEAEH Cox ELH
JRJSG A5 7R L i3 i e I 1] () 165 [ %20°). Dehghani-
an ST 1 E B 7R E S s K i AR B N —
REEIR SR EIRAS R, FER A & Wit 4% (High-

R FARAE — B SR UK R TR K %2 APV (Condi-
tion monitoring-based safety assessment, CMBSA) B{EE T HRZS W I 1)
AR P (Condition monitoring-based risk assessment, CMBRA)!™.
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voltage circuit breakers, HVCB) )42 il Fi % 2 1
o IS o LSR5 R /P IR A R AT A= i e U 0
Kim 5B 7035 AR 1 B BRAE A L) I8
AT 51 AL R L2 A2 A, 15 AR BB/ 8 16 35 IV (]
D5 EAPR AL T b AR DR ST M (B 25 18 T
55 AT B AR AE R R RS 097 2 R B M 0 s v A R
FafitE, BahooToroody %5844 £ 50 A5 = 7 il A1 43 |2
DLt B B R AR 25 G ARPE X R AR 53 L J G (1) S )
o U0 P K B R 2, T BE T 2R RO R o A
BRI HCY . Xing &5 H T4 2% A4 o D00 50 0 A0 G 30 o
(Inspection data) [A]N SR EVE AT FE S, I 5B
T HAEBEK RS ERA AL NI S48 RS
R, R IOR AR AT R R P E A S S R
R bR, TR SLhrRe il B B R R U T
TIVERA REML Li Sl 456 1 BEEL /S AT
R T i I 23 AR AT E % SRR TR BB A N R
0T, THR SR A R ], SR A LA ) LA
RIS B AR,

B RIT VR BUREIRAS IS B 5 N BTEAG
bR b, E 28K 22 FORE A B AR TR R R R
AT RENE S S B AT B, EBNR R A A
AR AR () 73 BT HE S DT AT 4 AR 7 R FH SOk
ARG R RS G KR, T RGN E X
S MRS AT B .

2.2.2  FERIIETETRXSWMEITESE

bEE R4 Hm BN, HEZ R TER (A
NG ) ARk, X TR A LR B ) 45
Ky, B AT G R A7 . AEAE-FARIAEE T, Bk
R S S AT = W N Sl S F W VTR P S
A 500 M Ab B AR b A 5 WL g A LR AL R 3R
W IAT . R GEIE) ) 52 2% AR BAE Y RA B BA TS
AN AT, DRAE T AE AR 3 T 51 T HFFE A A
T2 RVE.

N T B B AR TR S BT VR Ak 5 SR A A
P, BEIE &2 >] (Incremental learning, IL) A& /J
TR AE I SE AR 5| S TR 2 1) 55T, IR
AR ELE PP I R AE R G AT i AR R A BT R
BB B AT SIS BT R AL, SR S & TE DA
RN s L PR A 7 AR 4. S T AP [ 7S
BB AL, $2 ot oK H 22 4 n) /R R e 7, Al
Xof 3 FH IR A AR A B R X 17 190 PR i S
RE.

7 20 tH42 80 4FEAX, Sobajic ZEmh CIT AR Z K4
SN T 28 0 2% 5 R FH T ik L ) R G S B i

*RAEES 1.3 TR IR A S, A KA AT VAN E R R RS I
DB T7 5, AR T AT e f .

e 75 o IS A1 F8 L0 e i DAy X — AT ) A 8 B
TG, IS, AHGHERG R 7P 1R A S
. Sun FEHEH T —MoR] A AH IR R AR R
U B ) R G e VAN 7, 1407 R 20
8 e BT T A, DU e O BR JE MR e 4R
b, JETTHE T PPAl 285 R v FEPEN. Diao 542 H T
— et P (] 20 A 0 A e B BT P R SRR () A 2
L 22 2 Pl 77 28, I BAVEAl R L R A 35t (Voltage
collapse) AT KM A . He 5 EH )1 &
GUAEIZAT WA IA) A B K AR B IS AT 2R A A8 A A9 Fh A
o, P T —FRIE T HE R R ST I B R LR
VAT, HAE B AW Bofli iR 5502 (Boost-
ing algorithm) 4 & PEAL B A0 7878 I B By v ff
FH 3T 5 BB ALK 4 HTis AT 264 T SN R4l &
WS B 2 VRS b, IFESRRRG B A
k. Zhang F5IN T — Rk AL P SIRER 5 2]
LB VAL 7 3%, fESEbr i) R4 EbAT 1 5k,
SCHR [148] F & T I RESHAWE N ZHE
UL R v SR R A 1) R, B T — R T
it #2 (Gaussian process, GP) BITEZ 2% 2] J7 2K VF
fli L) RGE AR E K, Rt TR AR
B 240, Singh R H 3 TR 1 BEAC 4
(Particle swarm optimization, PSO) fJIIAFY
JIERH G B2 S AR T 25 5, LR BAME
BRSE BB AL RE ), FRAE R SR 22 39 i A
A1 68 TS MR R LU T X — SRS A
ROPEML Lin S48t 7 — M T 23R R R
(Broad learning system, BLS) [1JSZH %2 4= P P4k
T2, CABRAR Je sk st B iy R 1) e A0 I gk — 2
FR& T AR E N AR, R S IR G
IR A A S R g Bl B T H 7R B R
FESEERAL b, F— B3R T T M R A B R
(1) SIS 22 A P PPAG 7 v, B R R T WA LE I
5 AN Al ] 02, He G528 T B A 1L 20 fil BE 45
R, Wb T MRS E B ) g, DUl A )
SRR RS I AR,

CRE A J7 R AT R I R AL, T LR BE 2 A4
Y FERE AN R PR 5 26 A T S 22 vl ik B
(R RS R AT 45, Wk 4 PR,

3 NAERE

3.1 HAAUSCH
TE YRR, Bhas RS SN 22 ek AT

AT R Y, 2 5 R A T AT SE 2 A R PRAG
TR R — LT R G0 5.
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Table 4
approaches under different environmental conditions

Considerations of real-time safety assessment

P RAIAEL B P RaIAEE
R HIH R Gt N & K&
RYREARAL b (€2
FEHTRE IR 1% [
BB R R AR L 1% [
) 5 R AR B AR B
S R Y BN LGN
PRARLIY AR E T B BAK
PR ESR 1% ]
WA R (€S Beob

3.2 ERERBE

FE TR SERR, ANF BB RG0EH I H %
HRE AL, XL ER o5 1 RGEHI IR, AT .
PEREAR RS T T, BT R A A3
Bisk a2 MR, B, FERIERZ, NAFEZE
TR BN R G E AR AEAL I S22 VR PR 77 102
AVISERRI, X BRE 2 A VR 7V 7 0 H
A 2 48 BRI AN 37 53R AT R AR 22, DARA O
HERR AT RCPE . AR LU URR R SR G v ],
SRS 22 APVl 75 V2% ) 8 SR HEAT ] 2.
3.2.1 TRELHRE

TG RGEE ZROFHETY. R E
TSR NI TR ARAL B0, oz etk 5 A R i
77 RO BRI 2 A A Ok I AT TR PRl AR A
R R GEI 224, T DL R LV AE 1 Il L, T
HHARAE, BAEERE S XME T L.

FEILA STk, — AR B TR 2 v 4
T FE IR I (Structural health monitoring,
SHM) AR, H 32 % H b2 WA UF A4S & A TR,
MIRGE (Wd sl Mg, EIEE) Hg BEROUAITEgE,
DA DR AT IS AT I R o B 22 A R0l ey 4 R B

N 22 G0 300 0,355 % b A B« B SR AR B A A AL
oy M SRR, R S BOE IR A SR S M S
S, DU R I A 0 2 45 44 D ) e W AT O A R SS
fptot oS gk A R gE etk B 20 2K
oK, X TR G5 R 28 G0 A R U 2R 8 0T s 4 i
HEALM. Ye 85258 1 G MUY IR) R i R M U A
TR AR RHE, RAIEREAS M # (Empi-
rical mode decomposition, EMD) %77 7% M i 46 X
HelfE AR B I AR 2 KGH, A DT AR KUBE R
TP, Liu SE4RH 7 — R SRR R A AR
FAIREE T XU B = sh v EAH SRR A BEATL I
By e LU S — R R T B ) @Y. Hua 55 AT 5
THRAE - MR ELAE R B REATL AP AR .
MEEEEER, O T BOXT PR A SE R4 L, BF TN B
ST T MRS FR R K Sl AV R M Iy o0,
ol H DRSS S 5 108 R geil &P, DLk
A7 % 2 4 U O L G RE I . SRR LT, R4t
IR BA IR, BRI 4R M Ay A,
W AR N ) iR 2 T T S
B e SCRk [159] Y, Li 253 T K 1T AR W i %
f, RISy 27 1005 2R AR B VR R TG 454G I 45 4
AR, TFR T — T EA R G SR FEGR T (98 5 W] SEVEPRAl
Jik, 433 7 nE 6 B i vEL 4G

FEME FN, — 2 F 20X 5 NEAERFE (Com-
pressive sampling) ™% ZEH AR N X _EIb a) 8, S
T RE RO SR, TAREEE M R G B AR
A5 A% 0 i T S 2000 BT F DY Al A R 5w Al 1 B
I LA RFAE, ] =) PRI 7 g R . X T —
LR TSRS, —RETHKN (Dam-
age detection) 24 PP VA LT e 245 2 [
ST ARG 20 AR T AR T SRR S (Com-
puter vision) SR CHA &, WFFTN 51 R
HASZ M RIR FE 5 S T S T LR S5 M R 4t
R BRAAL ) 23 M, BT 1 2 A R Y. T
FE TR B HES) T, R 2 21 T VEAS DL 47 4
5 R E I SR AL AR P 2 25 5, N LR R

R5 LRI RGUHE SN e VEPPAHEZS T B i

Table 5  Current advances in real-time safety assessment frameworks for several typical dynamic systems
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Fig.6 Fatigue damage monitoring results of
welding details in suspension bridges*
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Wb ER, AR B A 2B e N TR SR R R 3R, B
e FRIAIE FEAN R P20
322 XNEBARS

—RAESLPR 5 AR TR S SRR
WA, Hp B2V (Surrogate safety as-
sessment, SSA) SFITVEMM N AT B RG22 AT
BB R o) e E I A i i R T E A AL
AT RS RN A BT A B AR e e R bR ok
SERF PP AC 8 RGN LA RS, Ak, BT R
GEBNZ YT R, K FR G0 AR BRI A X
R AT BN, I AT 8IS B IR 25 i AR e 1 A AT SE 1
PrBE A AT B R PSS ey 82244 3 st 4 A7 28 i I
T LR 22 A ), SR VRV D7 VAT DI S
WK A 2 HIT VR RS s, AT AT BT SR T ) i it
AT 5 ELAE 78 3 F FH 38 PR AR 2% AR 2. GPS
BHE SRR, BT 58 AL A A 43
V& S e T AR IR AN 43 b B0 20 R A
T35 (Scenario) BV E— N HEAKEMN
FAE B 52 77 1) 210 AT i i E A 3 5ok
BRIl TAE . fELTS S F, — S50 oKz 7
LAY R AT I i i, e E e A
PRRoS0) 2 R B b SOk BRI BENLIE, HRTTE AR
R BT TR] AR AT I — S 5 N i P R T

O 20 PRI, iE Rk 22 TE (Road Safety Assessment)
AR T — 58 MRy 29 T AR B AR AR T 0 SRR 1 T, T
EFET RGBT T, BICARTEA SO E A8,

T R TE DG BRI i A R A R SS BE  T TOL FE
MR [173]) W, SR 7 BRSNS A p A2 B 53 7
TRE B IR P 3T 20 25 T30 5L 25 3 4
P&, FIFHAEERS ] (Time-to-collision, TTC) {EA
KB & (Criticality metrics), JFil il bhig H 5 A0
N2 0 53 5| S 1) = R S B R S SR A3 A A 1k
R VAN 5 AW 7 Fros. Wang S6AR 3is 4 #2723
sEfi|, #E CarMaker fil ROS MR F2 7+ #4717 &
ABEAEL, MR Al 2 0 R B A A s RS A
L 312 b S A SR B R JE LA B, DGR L T AR R
HIIERIRES . B 5 R e sk 45 R N\ Bk DA
PEAGAT R 22 21t IR0 S B 5.
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Fig.10  Training and testing of safety assessment mod-

els for liquid propellant rocket structures™
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